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Abstract 
Ultra fast laser processing is marketed for processes which require small thermal impact to the product. The process has 
its advantages in processing speed and quality. Recent applications have been in photo-voltaic processing, surface 
treatment or preparation of electrodes for lithium ion batteries. As soon as the fast laser is utilized for ablation, particles 
are generated. Driven by product quality, tool conservation and governmental restrictions a well-defined air filter is 
necessary for laser processes. The layout and design of such a filter system is not strait forward. First of all acquisition 
plays a major role on the overall quality of the system. In addition the filter itself needs to be well defined in terms of 
deposition rate and endurance. The latter is determined by the generated particles. 
We present an investigation of particles as generated by ultra fast laser processing of silicon, inox and ceramics. Our 
investigation proves thermal impact on generated particles by the ultra-fast laser. The particle spectrum is clearly 
determined by sub micrometer particles, making nano-filtration a necessary step.  
Based on this investigation an extraction and filter solution was designed and successfully demonstrated on silicon, inox 
and ceramic process. A filter quality according to governmental regulation is achieved, based on an extraction which 
delivers best product quality. 
 
© 2013 The Authors. Published by Elsevier B.V.   
Selection and/or peer-review under responsibility of the German Scientific Laser Society (WLT e.V.) 
 
1. Introduction 
Ultra fast laser (UFL) technique is following the path of increasing the application of laser processes to 
industrial production. In order to prevent thermal impact and enhance the quality of cutted edges or treated 
surfaces the laser processing time is kept to a few pico- or femto-seconds. The major effect will be ablation in 
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these conditions [1]. The UFL technique opens a wide range of applications, among others are photovoltaic, 
MEMS, E-Mobility etc. [2][3]. It is commercially available now a days and increasingly utilized in production 
[4][5].  This raises the question of effective suction and process air filtration. The motivation is based on three 
arguments: 
 
I) A green production process has to make sure that any emission to the environment is purified 
according to the state of the art. 
II) The product quality strongly depends on the production environment, any particles on the surface 
have to be avoided 
III) Sophisticated laser optical systems need protection in order to neglect re-deposition effects on the 
lenses or mirrors. 
 
A well designed suction and filter system is able to save operation cost of a UFL system. However, a 
thorough design process needs background knowledge of particle distribution, amount and appropriate 
filter systems. The present paper summarizes an investigation of particles as generated by ultra-fast laser 
processing of silicon, inox and ceramics and delivers guidelines for filter design. 
2. Experiment 
The presented study was performed on a picosecond laser with a wavelength of 1064nm. Correlations 
between type of ablated material, particle size distribution as well as particle concentration have been 
investigated.  
The aerosol resulting from laser material processing was captured close to the source and sucked towards a 
filter system. Particle size distribution was determined continuously using an Engine Exhaust Particle Sizer 
(EEPS) which measures particles sizes in the range from 5.6 to 560 nm. For this purpose a sample was 
analyzed by the instrument. Particles within the sample are positively charged and move within an electric 
field towards electrometers where their charge is transferred. According to their electrical mobility 
particles reach different electrometers. Based on current flows particle size distributions are calculated. 
Dust load was determined using a gravimetric measurement. A sample was drawn through a filter mounted 
in a sampler. The average dust concentration is the ratio of collected dust mass and sampled volume of air. 
Beside the gravimetric measurement the same sample was investigated by Secondary Electron Microscopy 
(SEM) for analyzing the shape of the particles. 
 
Within the scope of investigation was: 
I) the repetition rate was modified in nine steps in the range from 1 kHz to 8 MHz. 
II) the laser power was modified in five steps in the range from 3 W to 30 W. 
III) the distance between place of ablation and suction device was modified in 4 steps from 0 to 20cm. 
 
Additionally, the performance of a filter system was determined. For this the laser was kept in stationary 
conditions and the particle concentrations in raw gas and purified gas were measured using the EEPS. 
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Fig. 1. Experimental setup for particle capture during ultra-fast laser processing
3. Results and Discussion
Fig. 2 summarizes the particle spectra of silicon, inox and ceramics as measured during UFL operation.
The main peaks between 90nm and 120nm particle size are very obvious, in addition a small peak arises at 
around 10nm. As there is a difference of almost one order of magnitude in concentration between these two
peaks it is allowed to assume a major detachment mechanism for these particles.
Fig. 2. Particle spectrum (optical) of inox, silicon and ceramics as emitted by ultra fast laser process.
A closer look to the shape is possible by Secondary-Electron-Microscopy (SEM) investigations as
illustrated in Fig. 3. While a very small amount of ball-shape particles indicates still some thermal impact, the
majority of the particle has a woven like structure. These complex-shaped particles have been detached
without thermal influence. There was not enough energy to melt the material. The effect of having only
limited thermally influenced particles was expected, because UFL processes are designed for pure laser
ablation.
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Fig. 3. Secondary Electron Microscopy image of a filter, loaded with inox particles.  
- nd my cause filter damage 
even after few operation hours. A new saturation filter system was designed, capable to purify contaminated 
air at an high level. The basic structure is illustrated by Fig. 4. A high grade particle filter of significant filter 
area, supported by a HEPA filter allows effective filtration of UFL process air. 
 
 
Fig. 4. Air filtration system, suitable for ultra fast laser processing.  
As demonstrated by the experiments plotted in Fig. 5 the filter system is capable to reduce the particle 
amount significantly, even for the 10nm peak. The filter quality was 99,9% to 100% within the statistical 
limitations. 
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Fig. 5. Particle spectrum in purified air path of the ultra fast laser filter system.
4. Summary
A well designed suction and filter system is able to save operation cost of an ultra-fast laser system and
ensures quality guidelines of green production. The design of a filter system asks for a thorough
particles and a small amount of thermal impact on generated particles. The particle spectrum is clearly 
determined by sub micrometer particles, making nano-filtration a necessary step.
Based on this investigation an extraction and filter solution was designed and successfully demonstrated on 
silicon, inox and ceramic process. A deposition rate according to governmental regulation is achieved, based 
on an extraction which delivers best product quality.
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